Abstract: In this manuscript, coherent polarization beam combining (CPBC) of eight fiber lasers is demonstrated for the first time. The compact and robust single frequency dithering technique is employed to active phase-locking the eight laser beams. When the system is in the closed loop, the phase noise can be suppressed effectively for long-time observation. The experimental results show that the combining efficiency of the whole system is as high as 92%. 
Introduction
Fiber lasers and amplifiers have great potential in scaling to high power level with diffraction-limited beam quality [1] [2] [3] . However, several obstacles, including the limits on high brightness pump diodes, fiber damage, thermal effects and nonlinear effects, will ultimately limit the maximal output power [4] . Coherent beam combination (CBC) of several laser elements provides a feasible solution [5] [6] [7] [8] [9] [10] [11] [12] [13] . Most CBC structure incorporates multiple tiled emitters, which induces a portion of power encircled into the sidelobes in the far-field pattern [5] [6] [7] [8] [9] [10] [11] [12] [13] , thus degrade the beam quality inevitably. As one of the CBC structure, coherent polarization beam combining (CPBC) eliminates the deficiency of sidelobes because all the beams are coaxially combined. CPBC of four laser beams had been demonstrated in [14, 15] . In this paper, we will scale the CPBC system to combine eight fiber lasers to validate the feasibility in scaling to large number of beams. The system performs well in the closed loop and the combining efficiency can be reached 92%. It is to be noted that singlefrequency dithering technique is employed in our system for the first time, which is compact and effective compared with heterodyne detection phase control technique in previous demonstrations [14, 15] .
Experimental setup and results
The experimental configuration is shown in Fig By adjusting the half wavelength plates (HWPs), the eight laser beams can be combined by the polarization beam combiners (PBCs). M1, M2, M3 are all-reflectance mirrors and M4 is a high-reflectance mirror. After M4, a little part of the beam is sent to a homemade pinhole with a 50 µm radius, and a photo detector is located immediately behind the pinhole. Another part of the beam after the splitter is sent to an infrared camera, which is used to profile of the combined beam. The photo detector is a PDA10CS InGaAs amplifier detector produced with a 700-1800 nm response wavelength and 8.5 MHz bandwidth when the gain is at 10 dB. The voltage signal transformed by the photo detector, which is used to generate the phase control signal in the homemade signal processor (CM) based on the field programmable gate array (FPGA). The FPGA is programmed with the singlefrequency dithering algorithm [16] . The principle of CPBC of multi-channel laser beams can be illustrated simply as follow. When the phase between two orthogonally polarized beams is undefined and injected into a PBC, the polarization state of the combined beam is not pure linear-polarized, as it is a mixture of the polarization state of two orthogonally polarized beams, thus limit the further extendibility of the polarization combination system, as shown in Fig. 2a . However, when the phase difference between the two orthogonal polarizations is locked and set to δ = nπ, where n is an integer and δ is the phase difference between two beams, the polarization of the combined beam is pure linear-polarized (see Fig. 2b ), which can be combined again with a linear polarized beam, so multi-channel beams can be combined through phase-locking. In the experiment, when the system is in the open loop, the intensity profile at the camera is unstable due to the phase fluctuations in each channel, and some of the power is leaked in the PBC3, PBC6, and PBC7. When the single-frequency dithering algorithm is implemented and the whole system is in the closed loop, the intensity profile at the camera is clear and steady. The combined output power measured at the output port of M4 is 3.22 mW. The combining efficiency is calculated to be 92%, where the combining efficiency (η) defined by the formula η = P out /P in , P out is the combined output power, P in is the total power after the collimators, which is measured to be 3.49 mW.
The fidelity of CPBC and the phase noise suppressing can be further studied by the time series signal and spectral density of energy collected by the pinhole of the PD, which is shown in Fig. 3 and Fig. 4 . When the system is www.lasphys.com in the open loop, the normalized energy collected by the pinhole fluctuates randomly, while the control module performed, the normalized power in the pinhole can be locked effectively (see Fig. 3 ). When the system is in the closed loop, the spectral density is about 30dB lower than in open loop (see Fig. 4 ), which denotes an obvious compensation of the phase noise and a remarkable increase in coherent combined output power.
Conclusions
In summary, we have presented CPBC of eight fiber laser beams based on single frequency dithering technique. The combining efficiency of the whole system can be as high as 92% when the system is in closed loop. According to the time series signal and spectral density of energy collected by the pinhole, the phase noise is suppressed effectively. We believe that the CPBC scheme can be extended to multi-channel and has the potential in scaling high power with excellent beam quality. 
